Source rocks in the Baise Basin have been studied more than 20 yr. However, its maturity is still a problem under debate. In this project, 32 samples of source rocks from the Baise Basin were analysed by geochemical methods in order to study the maturity of the source rocks. For this article the samples were analysed for 16 different maturity parameters. Based on their quality as maturity indicators these parameters were divided into three groups: reliable, accessorial, and unsuitable maturity parameters. According to the values from the reliable and accessorial maturity groups, a source rock in two wells was classified with respect to its maturity level. The source rock in the Nadu 1 well is assessed to be in the lower mature stage, whereas the source rock in the Nadu 2 well was assessed to be in the mature stage.
I. INTRODUCTION
The Baise Basin is located in the Guangxi Province, South China. It covers an area of 830 km 2 with a length of 109 km and a width from 7 to 14 km ( Figure 1 ). The base of the basin is the Triassic. The basin formation and development was controlled by the major Youjiang fault and the sediments were deposited during the Tertiary. The strata are divided into the Nadu, Baigang, Fuping, and Jianduling formations. In the Baise Basin the Nadu formation contains the main source rock intervals. The formation has been divided into three groups: Nadu 1, Nadu 2, and Nadu 3 (Figure 2 ). The source rock intervals consist mainly of clay and have a thickness between 600 and 1200 m. Although 242 exploration wells have been drilled in this basin until this day, petroleum generation and likely reserves are still not clearly understood, especially, the maturity of the source rocks is still a problem being debated.
In this study, samples 105-185 (numbers referenced in Table 1 ) were taken from well Bai 38. These samples represent the upper section of the Nadu 1 formation. The lower section of Nadu 1 is missing in the well due to fault activity (Cai, 1984) . Samples 1 to 95 were taken from the well Bai 66. These samples represent the Nadu 2 formation (Figure 1 ). Several molecular markers have been suggested for use in the interpretation of source rock maturity (Radke et al., 1982; Tissot and Welte, 1984; Peters and Moldowan, 1993) . However, contradicting results were frequently obtained when different parameters were used to interpret the same maturity profile. When this is the case, one should attempt to find out which of the parameters are the main parameters more likely to give In previous studies, ascertaining the organic maturity indicators in this area was always a difficult task. Different R r values and molecular markers have been provided (various reports of the Nannin Institute of Petroleum Geology, unpublished data). There are two reasons for the difference in the measured results. First, measurable vitrinite particles are very rare and most R r values were measured on non-measurable vitrinite particles or bitumen. Therefore, R r values are deemed an unreliable maturity parameter in this study. Second, tectonic activities after the deposition of the source rocks are significant. The source rocks are present at different depths and are likely to have experienced different thermal events. The purpose of this study is to find the most reliable maturity parameters from an array of numerous molecular markers.
II. EXPERIMENT a. Solvent extraction and liquid chromatography
Finely ground samples were extracted using the Soxhlet-extract method for 24 hours. Before gas chromatographic-mass spectrometric (GC-MS) analysis, the extracts were separated into three fractions by column chromatography using pre-washed silica gel [70-230 mesh, 50 (1 cm)]. The alkanes were eluted with n-hexane, the aromatic fractions with dichloromethane and the polar compounds (hetero-compounds) with methanol (40 ml of each solvent).
b. Organic carbon analysis
The total organic carbon (TOC) content was measured using a Leco CR-12 carbon analyser. Carbonates were removed from the samples by prior treatment with concentrated hydrochloric acid.
c. GC and GC/MS analyses
The GC analyses were carried out on a HP-5890 gas chromatography fitted with a silica capillary column (25 m × 0.2 mm i.d.), temperature programmed from 60 to 320°C at 6°C/min. GC/MS analyses were performed on a Finnigan-Mat SSq70 GC-MS. A fused silica capillary column (25 m × 0.25 mm i.d.) coated with SE-54 was used. The column temperature was programmed from 80°C to 300°C at 4°C/min and was held at 300°C for 20 min. The ionising voltage was 70 eV and helium was used as carrier gas.
d. Isotope analysis
Ten milligram extracts of each sample was used for the measurements of the carbon isotopic ratio, using a VG SIRA-9 (triple collector, 90°, 9 cm radius). The analytical reproducibility of the total analytical procedure was in the range of ±0.1-0.2‰ for δ 13 C relative to the PDB standard.
III. RESULTS AND DISCUSSION a. Organic bulk parameters TOC contents are related to the depositional environments. The average TOC content of all samples is 1.64%. There are no clear differences in the TOC contents between upper and lower sections (Table 1 ). This may indicate that the source rocks were deposited under fairly similar conditions.
The average extract yield in the samples from the Nadu 1 formation is 53 mg/g TOC, and is 99 mg/g TOC in the samples from the Nadu 2 formation. The higher values in the lower section may be due to difference in maturity level. The Nadu 2 source rock is stratigraphically below the Nadu 1 and is at a higher maturity level which can explain the higher extract yield ( Table 2 ). The Nadu 1 source rock, being stratigraphically above the Nadu 2 source rock is at a lower maturity level and cannot produce as much extract as in seen in the Nadu 2.
The ratios of saturated hydrocarbons show similar distribution as the extract yields. The higher ratios occur in the lower part of the section with values of higher than 42%, whereas all ratios are lower than 38% in the upper Nadu 1 section. This difference, again may be attributed to the variation of their maturity values. Compared with the ratios of polar compounds, one can presume that the increase of the saturated hydrocarbon ratios is due to the consumption of polar compounds, which may have been transformed into saturated hydrocarbons. The variations in both aromatics and asphalt contents are small.
The isotope values show a regular variation along the profile. The δ 13 C kerogen (PDB) values vary along the profile from -30.8 to -28.4‰. The δ 13 C extract (PDB) value decrease from -33.8‰ in the top to the -31‰ in the bottom of the profile. Generally, carbon isotope values are controlled by the organic source (facies), the depositional environment and the thermal history of the sediments (Hoefs, 1980) . The variation in thermal conditions with depth may be the explanation for the differences in the isotope values of the organic carbon because their organic facies and depositional environments are similar.
These bulk parameters, including TOC, extract δ 13 C kerogen and δ 13 C extract (Table 1) , show a regular variation with the increase of maturity along the profile. An interruption between the Nadu 1 and the Nadu 2 is clearly observed. The reason is that the lower part of Nadu 1 is missing. This phenomenon may indicate that the Nadu 1 and the Nadu 2 were deposited continuously, but the lower part of Nadu 1 was eroded during the tectonic activities after the deposition of the source rocks.
b. Aromatic maturity parameters
Maturity indicators are very important for the evaluation of source rocks. Vitrinite reflectance (R r ) is widely used and a very useful maturity indicator. However, available vitrinite for measurements of reflectance is very rare in the Nadu 1 and Nadu 2 source rocks. Most reflectance were measured in bitumen and these values are therefore lower than real vitrinite reflectance. In this profile, the R r values vary from 0.58% to 0.79% and increase with depth (Table 2) .
Many molecular ratios of aromatic compounds have been established as maturity parameters (Radke et al., 1982; Peters and Moldowan, 1993) because vitrinite reflectance values are not always available. The most widely used molecular maturity parameters are the alkylphenanthrene ratios and alkylnaphthalene ratios (Radke et al., 1982; Radke, 1987) . Eight molecular ratios as maturity parameters are listed in Table 2 . The values of (2-methylnaphthalene)/(1-methylnaphthalene) (MNR), [(2,6-dimethylnaphthalene) + (2,7-dimethylnaphthalene)]/(1,5-dimethylnaphthalene) (DNR 1), (2,3,6-trimethylnaphthalene)/[1,4,6-trimethylnaphthalene + 1,3,5-trimethylnaphthalene] (TNR 1), and (2-methylphenantherene)/(1-methylphenantherene) (MPR) show no (1-methylphenantherene) + (9-methylphenantherene)] (MPI-2) show an increase trend with depth along the profile. According to the formula R c = 0.6MPI-1 + 0.4 (Radke et al., 1982) , the values of calculated vitrinite reflectance (R c ) are higher than determined R r values in this profile ( Table 2) . The R c values may represent real maturity of the source rock because the R r values were measured on the bitumen and lower than the real R r values. The variations of MDBT, TrMN, and MPI-2 show clearly the relationship with the R r values, although a reliable conversion formula between them has not been reported.
c. Saturated hydrocarbon maturity parameters
Six maturity parameters from saturated hydrocarbon compounds are used in this study. They show variations different than the aromatic parameters. The relative abundance of odd versus even carbon-numbered n-paraffins can be used to obtain a crude estimate of thermal maturity of petroleum. These measurements are the carbon preference index (CPI; Bray and Evans, 1961) and the odd/even preference (OEP; Scalan and Smith, 1970) . The values of CPI and OEP show regular variation along the profile of this study. The highest CPI value is present in the top sample with a value of 1.74, and decreases gradually with the depth. The lowest value of 1.14 occurs in the bottom part of the profile. The OEP values show similar variation trend like the CPI values (Table 3) .
Ts/(Ts + Tm) is another maturity parameter (Seifert and Moldowan, 1986; Van Grass, 1990) . The lowest value of 0.438 is in the topmost sample of the profile, and the highest value of 0.884 occurs in the lower part of the profile. According to the relationship of Ts/(Ts + Tm) and the stage of oil generation (Peters and Moldowan, 1993) , most samples are present in the early stage of oil generation. Several samples at the bottom part are present even in the peak stage of oil generation.
The ratios of αααC 29 [20S/(20S + 20R)] and C 29 (S + R)[αββ/(αββ + ααα)] are two maturity parameters of steranes (Seifert and Moldowan, 1986; Huang et al., 1990) . Their values are lower in the top part of the profile, and show increase of trends with the increase of the depth. According to the relationship of these ratios and oil generation stages (Peters and Moldowan, 1993) , Nadu 1 is in the immature stage and the Nadu 2 is in early oil generation stage. Non-sample has reached to the peak stage of oil generation.
The ratio of C 31 [22S/(22R + 22S)] is used as maturity parameters in the earlier stage of oil generation (Peters and Moldowan, 1993) . In this profile, the ratios also show an increase of trend toward the bottom, and indicate that source rocks from lower mature enter into higher mature stage.
The 
IV. SUMMARY AND CONCLUSIONS
The values of most maturity parameters increase regularly along the profile. These results indicate that the source rocks went through a regular thermal history before the tectonic activity, in which the lower part of the Nadu 1 is missing. The lack of lower Nadu 1 results in an interruption of the parameter trends. The molecular markers of this study can be divided into three groups. MPI-1, MPI-2, R c , R r , MDBT, TrMN, CPI, and OEP belong to first group. Their values vary regularly with the depth along the profile. These . The values of these parameters are different in the upper and lower parts of the profile, but a regular increase with the depth is not observed. They can be only used as accessorial parameters for the study of maturity of the source rocks. The other parameters belong to a third group. They show no variation regularity and are not suitable for the study of maturity of the source rocks in this area.
